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© Method of forming metalllo coatings. 

® Multilayer metallic coating is formed on a sub- 
strate by applying a base coating composition con- 
taining a metallic pigment, applying a ciear top coat- 
ing composition on the base coating wet-on-wet. and 
curing both coatings simultaneously. The coating 

a compositions contain a film-forming polymer having 
a plurality of crosslinkable function groups, a cros- 
lO stinker an organic liquid diluent internally crosslin- 
Jfiked polymer microparticies and an organic acid 
OT catalyst masked with an organic base capable of 
r*» accelerating the crosslinking reaction between the 
film-forming polymer and the crosslinker. 
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METHOD OF FORMING METAf I iQ QafiBKSg 



PA CKQRQUND QP THE INVENTIO N 

This Invention relates to a method of forming 
multilayer coatings having metallic glamor. 

The exterior of automobile bodies, for example, 
is finished with a metallic base coating and a clear 
top coating formed on the base coating for deco- 
rative and protective purposes. For higher pro- 
ductivity, the clear top coating is conventionally 
applied on the base coating wet-on-wet and cured 
simultaneously with the base coating. This method 
is highly suitable for irHine coating operation in the 
automobile industry and gives a high grade finish 
in terms of appearance, weatherability, solvent and 
chemical resistances, discoloring resistance and 
the like. 

In order to achieve excellent appearance, par- 
ticularly excellent metallic glamor, it is imperative 
that the top coat applied on the base coat wet-on- 
wet does not cause intermixing of the two layers 
which, if occurred, greatly impairs the orientation of 
metallic flakes and the metallic glamor. For this 
reason, attempts have been made to decrease the 
compatibility between the base coat and the top 
coat by, for example, using a resin having a higher 
molecular weight for the base coat than for that of 
the top coat or by using different resins for dif- 
ferent coats such as the combination of acrylic top 
coat/polyester or cellulose acetate butyrate base 
coat The compatibility between uncured two coats 
may also be decreased by modifying coating con- 
ditions thereof. This technique includes two-stage 
application of the base coat prolonged rest Inter- 
vals between application steps, elevation of the 
viscosity of base coat relative to the top coat and 
the like. However, none of these known attempts is 
satisfactory. The use of high molecular weight res- 
Ins requires to decrease their contents at the time 
of application. When different resins are used for 
different coats, the adhesion between different 
coats will be decreased. Modification of coating 
conditions increases the number of steps and the 
length of time required for the overall coating op- 
eration. 

One approach for Improving aesthetic prop- 
erties of multicoat system is to provide a relatively 
tfuck top coat on the base coat In a two coat 
system comprising a base coat containing alu- 
minum flakes of 10 to 50 urn size, large aluminum 
flakes often protrude above the base coat surface. 
The clear top coat therefore must have a film 
thickness sufficient to compensate these protru- 
sions. However, with conventional top coat com- 
positions, the film thickness is limited to only 20-30 



Urn with a single coating operation, or 40-45 am 
with two coating operations. This is because the 
conventional coating compositions tend to exces- 
sively run with the increase of the amount appBed 
5 P** urlit Thick top coats may be provided by 
multiple coating opera tions. However, this tech- 
nique is less efficient and requires an extensive 
modification of existing production lines. 

Recently, from the viewpoint of economizing 
70 natural resources and energy and because of the 
requirements for pollution control, much research 
has been done for increasing the nonvolatile con- 
tents of coating materials. High-solids coating sys- 
tems are generally formulated by lowering the mo 
75 tecu,ar "S'gtt of vehicle resins but this technique, 
when applied to two coat systems to be applied 
wet-on-wet, presents several serious problems 
such as poor metallic flake orientation, intermixing, 
poor gloss, excessive run and the like. Another 
so approach would be to incorporate a non-aqueous 
resin dispersion to the system. However, experi- 
ments have shown that this method suffers from 
the above-mentioned problems because the in- 
crease in viscosity after application takes too Ions 
*s time. 

We have already proposed in Japanese Laid 
Open Patent Application No. 60-94175 published 
May 27, 1985 to incorporate internally crosslinked ' 
polymer microgel particles of 0.01 to 10 urn size 
30 into both the base coat and top coat compositions. 
By incorporating the polymer microgel particles, 
the composition exhibits a yield point so that when 
a shear force above the yield point is exerted, the 
composition may be easily fluicfized. Once depos- 
es ited on a substrate, the composition exhibits a high 
stmctural viscosity. For this reason, migration of 
metal flakes in the base coat due to the convection 
of solvent intermixing of two coats and run are 
prevented to thereby ensure an excellent finish 
40 havm 9 '^Proved gloss and other aethetic prop- 
erties even when the top coat is applied wet-on-wet 
in a relatively large film thickness. 

When relatively low molecular weight resins 
are used as a vehicles resin in the above multilayer 
46 sysfe™ for achieving high solid contents, 

an acid catalyst is required for accelerating the 
cunng reaction thereof because such vehicle resins 
are generally less reactive with a cross-linker than 
higher molecular weight resins. 

so 
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The use of such add catalyst Is often un- 
desirable because H tends to impair the storage life 
of the coating compositions. When used exces- 
sively, the acid catalyst remains in the finished 
coating and adversely affects the quality of the 5 
finished coating- 



formulations compatible with improved workability 
thereof. Furthermore, a high crosslinking density 
sufficient to give a finished coating having excellent 
film properties may be obtained by the use of the 
organic acid catalyst masked with an organic base 
without affecting the stability of coating composi- 
tions upon storage. 



QijtjM^gV flf THE INVENTION 

it is an object of the present invention to pro- 
vide a method of forming a multilayer metallic 
coating utilizing a high-solids coating system con- 
taining low molecular weight vehicle resins, poly- 
mer microgel particles and cross-linker without 
compromising the quality of finished coating and 
the storage life of the coating system. 

The present invention relates to a method of 
forming a multilayer metallic coating on a substrate 
which comprises the steps of applying a base 
coating composition containing a metallic pigment 
on said substrate, applying a clear top coating 
composition onto the base coating wet-on-wet and 
curing both coatings simultanesouly. 

According to the present invention, said base 
coating composition comprises; 

(a) a film-forming, low molecular weight-poly- 
mer having a plurality of cross-linkable functional 
groups, 

(b) a crosslinker for said film-forming poly- 



(c) a volatile organic liquid diluent 

(d) internally crosslinked polymer micropar- 
tictos which are insoluble in the mixture of (a), (b) - 
and (c) but stably dispersible In said mixture, 

(e) an organic acid catalyst capable of accel- 
erating a crosslinking reaction between (a) and (b), 
the organic add catalyst being masked with an 
organic base, and 

(f) a metallic pigment 

The clear top coating composition comprises: 
(a') a film-forming, low molecular weight- 
acrylic polymer having a plurality of crosslinkabte 
functional groups, 

(b) a crosslinker for said film-forming poly- 
mer, 

(c) a volatile organic liquid diluent 

(d) internally crossiinked polymer micropar- 
ticles which are insoluble in the mixture of (a'), (b) 
and (c) but stably dispersible in said mixture, and 

(e) an organic add catalyst capable of accel- 
erating a crosslinking reaction between (a'} and (b>- 
,the organic add catalyst being masked with an 
organic base. 

According to the present invention, the use of 
tow molecular weight-vehicle resins in combination 
with polymer microgel particles both in the base 
and top coating compositions makes high solids 



10 INSCRIPTION QF m§ PffiFgHRSP EMSQSfc 
yiENTS 

t*\ Fiim-farmlno polymer usad in ih& hSSSL SSilma 

75 Any conventional polymer having a relatively 
low molecular weight and a plurality of crosslin- 
kable functional groups such as hydroxyl and car- 
boxy! groups may be employed in the base coating 
composition. Examples thereof include acryQc res- 

20 ins, alkyd resins and polyester resins having such 
functional groups and a number average molecular 
weight of 1.000 to 4,000. These resins preferably 
have a hydroxyl number of 80 to 200 and an add 
number of 5 to 30. 

26 The term -polyester resin" refers to one which 
is conventionally used In the coating Industry and 
which consists essentially of a condensate of a 
poiyhydric alcohol and a polycarboxylic add. Also 
included in this term are alkyd resins modified with 

30 higher fatty add groups derived from natural or 
synthetic drying, semi-drying or non-drying oils. 
These polyester resins must have, as hereinbefore 
described, add and hydroxyl numbers of a suitable 
range. 

36 Examples of poiyhydric alcohols which may be 

employed in the synthesis of polyester resins in- 
clude ethylene glycol, propylene glycol, butylene 
glycol, 1 ,6-hexylene glycol, neopentyi glycol, glyc- 
erol, trimethylolpropane, trimethylolethane, pen- 

40 taerythritol, di-pentaerythritd, trl-pentaerythritol, 
hexanetriol, oligomers of styrene and allyl alcohol - 
(e.g. one commercially available from Monsanto 
Chemical Company^unc^ 
polyether poiyols derived from trimethylolpropane 

45 and ethylene oxide and/or propylene oxide (e.g. 
one commercially available under the name of Niax 
Triol) and the tike. 

Examples of polycarboxylic adds include suc- 
cinic, adipic, azelaic, sebadc, maieic, fumaric, 

so mucontc, Itaconic. phthailc. isophthalic. tereph- 
thaitc. trimellltic. pyromellitic adds and their add 
anhydrides. 

Examples of dls from which higher fatty acids 
are derived include linseed oil, soybean oil. tali oil, 
56 dehydrated castor dl, fish dl, tung oil, saftower oil, 
sunflower dl and cotton seed oil. Preferably the oil 
length of dhmodffied alkyd resins does not exceed 
50%. In order to give an internal plastidty, polyes- 
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ter rosins may Include a monocarboxyfic acid such 
as a C*-C» saturated aliphatic monocarboxylic acid, 
benzoic acid, p-tert-butyl-benzoic acid and abietic 
acid* 

Acrylic polymers which may be used in the b 
base coating composition include those conven- 
tionally used in the coating industry and consisting 
essentially of copolymers of a mixture of a alky! 
ester of acrylic or methacrylic acid and a 
comonomer having a crosslinkable functional group 10 
optionally containing an ethylenically unsaturated 
comonomer other than the former two monomers. 

Examples of preferable, alky I (metha)acrylates 
include methyl (metrOacrylate, ethyl (meth)acryiate, 
propyl (meth)acrylate, butyl (meth)acrylate and 2- is 
ethylhexyl (meth)acrylate. 

Examples of monomers having a cross-linkable 
group inciude acrylic acid, methacrylic acid, 2- 
hydroxyethyl (merthjacrylate, 2-hydroxypropyl - 
(meth)acrylate, r^utoxymethyl(meth)acrylamide, aj 
Qlycidyl (meth)acrylate and the like. 

Examples of other monomers which may be 
optionally present in the monomer mixture include 
vinyl acetate, acrylonitrjle, styrene, vinyl toluene 
and the like. ' 2S 

The monomer mixture may be polymerized by 
any known method such as the solution polymer- 
ization, the non-aqueous dispersion polymerization 
•or the bulk polymerization. The emulsion poly- 
merization followed by solvent substitution may 50 
also employed. 



<a') Aprvlfc fflrrHprrnjnq polymer used In I2& 
SQaflnq 35 

Acrylic polymers which may be used in the 
clear top coating composition may be the same as 
the hereinbefore discussed acrylic polymers used 
in the base coating. They must have, of course, a 40 
sufficient number of functional groups such as 
hydroxyl and carboxyl groups available for the re- 
action with a crossllnker. They preferably have a 
number average molecular weight of 1,000 to . 
4,000, a hydroxyl number of 60 to 200 and an acid 46 
number of 5 to 30. 



(b) Pp???»nl<9r, 

so 

Crosslinkers which may be used in the base 
and top coatings include amlnoplast resins, Le. 
condensates of formaldehyde and a nitrogen com- 
pound such as urea, thiourea, melamine, ben* 
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zoguanamine and the like. C,-C« aikyl ethers of 
these condensates may also be used. Melamine- 
based aminopiast rosins are preferable. 



(c) Qrggnjg Jlgyjg diluent 

The organic liquid diluent used in the base and 
top coating compositions may be any conventional 
solvent used in the coating industry for dissolving 
vehicle resins. Examples thereof include aliphatic 
hydrocarbons such as hexane. heptane; aromatic 
hydrocarbons such* as toluene and xylene; various 
petroleum fractions having a suitable boiling point 
range; esters such as butyl acetate, ethylene glycol 
diacetate and 2-ethoxy ethyl acetate; ketones such 
as acetone, methyl ethyl ketone and methyl 
Isobutyl ketone; alcohols such as butanol; and mix- 
tures of these solvents. 

The resin (a) or {a') may be present in the 
mixture of the organic liquid diluent and the cros- 
slinker in the form of a solution or a stable disper- 
sion. 



(d) infernally crosslinks polymer microoels 

The microgel particles incorporated into the 
coating system of this invention should be inter- 
nally cross-linked to be not soluble but stably dis- 
persibfe in the coating system and have a micro- 
scopic average size. Several method are known to 
produce microgel particles. One such method com- 
monly referred to as the non-aqueous dispersion - 
(NAD) method comprises polymerizing a mixture of 
ethylenically unsaturated comonomers Including at 
least one cross-linking comonomer in an organic 
iiquid in which the mixture is soluble but the poly- 
mer is Insoluble such as aliphatic hydrocarbons to 
form a non-aqueous dispersion of a cross-linked 
copolymer. 

Alternatively, the microgel particles may be 
prepared by emulsion-polymerizing a mixture of 
ethylenically unsaturated comonomers including at 
least one cross-linking comonomer In an aqueous 
medium by a conventional method, and then re- 
moving water from the emulsion by, for example, 
solvent substitution, centrlfugation, tittering or dry- 
ing. 

One such method Is disclosed in U.S. Patent 
No. 4,530,946 assigned to the assignee of the 
present application, the disclosure of which Is in- 
corporated herein by reference. 

Examples of ethylenically unsaturated 
comonomers used for the production of microgeis 
include methyl (meth) acrylate, ethyl (meth)- 
acrylate, n-butyl (meth)acrylate, Isobutyl <meth>- 
acrylate, 2-ethyihexyl (meth)acrylate, styrene, «- 
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methylstyrene. vlnyttoluene, t-butylstyrene, ethyl- 
ene, propylene, vinyl acetate, vinyl propionate, ac- 
rytonitrile, methacrylonitrile. dimethylaminoethyl 
(meth)acryfete and the like. Two or more 
comonomers may be combined. 

Cross-linking comonomers include a monomer 
having at least two ethylenicaily unsaturated bonds 
in the molecule and the combination of two dif- 
ferent monomers having mutually reactive groups. 

Monomers having at least two polymerization 
sites may typically be represented by esters of a 
polyhydric alcohol with an ethylenicaily unsaturated 
monocarboxyllc acid, esters of an ethylenicaily un- 
saturated monoalcohol with a polycarboxylic acid 
and aromatic compounds having at least two vinyl 
substituents. Specific examples thereof Include, 
ethylene glycol diacrylate, ethylene glycol 
dlrnethacrylate, Methylene glycol dimethacrylate, 
tetraethytene glycol dimethacrylate. 1,3-butylene 
glycol dimethacrylate. trimethyloipropane 
triacryiate, trimethyloipropane trimethacrylate, 1,4- 
butanediol diacrylate, neopentyl glycol diacrylate, 
13-hexanediol diacrylate, pentaerythritol diacrylate, 
perttaerythritol triacryiate, pentaerythritol 
tetracrylata. pentaerythritol dimethacrylate, pen- 
taerythritol trimethacrylate, pentaerythritol 
tetramethacrylate, glycerol diacrylate, glycerol al- 
lytoxy dimethacrylate, 1 ,1 ,1-tris(hydroxymethyl)- 
ethane diacrylate, l,1,1-tris<hydroxymethyl)ethane 
triacryiate, 1 A .1 -tris(hydroxymethyl)ethane 

dimethacrylate, 1 ,1 ,1 -tris(hydroxymethyl)ethane 
trimethacrylate. 1.1 .1 -tris(hydroxymethyl)propane 
diacrylate. 1 ,1 ,1 -tris(hydroxymethyl)propane 

triacryiate. 1 .1 ,1-tris(hydroxymethyl)propane 

dimethacrylate, 1,1.1 -tris(hydroxy methyl)propane 
trimethacrylate, triallyl cyanurate, triailyl 
Isocyanurate, triallyl trimellltate, dlallyl phthalate, 
diallyl terephthalate and dlvinyl benzene. 

Combinations of two monomers having mutu- 
ally reactive groups may be used in place of, or in 
addition to monomers having two or more poly- 
merization sites. For example, monomers having a 
glycidyl^group such— as glycidyl^aerylate^or 
methacrylate may be combined with carboxyl 
group-containing monomers such as acrylic, 
meihacrytic or crotonic acid. Also, hydroxyl group- 
containing monomers such as 2-hydroxethyl - 
<meth)acrylate, 2-hydroxypropyl (meth)acrylate, 
hydroxybutyl (meth)acrytate, allyl alcohol or 
methallyl alcohol may be combined with isocyanato 
group-containing monomers such as vinyl 
tsocyanate or isopropenyl isocyanato. Other com- 
bination will be apparent to those skilled in the art 

Polymer microgel particles prepared in an 
aqueous or non-aqueous medium may be incor- 
porated into the coating composition as such, or 
they may be separated from the medium by means 



of a suitable technique such as filtration, spray 
drying or lyophiilzation optionally followed by mill- 
ing to a suitable particle size before incorporating 
to the coating composition, 
e The polymer microgel particles have an aver- 
age particle size of 0.01 to 10 ixm. preferably from 
0.02 to 5 urn. 



to 



(e) Masked organic SfltetYSt 



Acrylic and polyester resins having a plurality 
of crossiinkable functional groups such as hydroxyl 
and carboxyl groups are conventionally crosslinked 
75 with a crossiinker such as aminoplast resins in the 
presence of an acid catalyst such as dtnonylnaph- 
thaienedisulfonlc acid, dodecylbenzenesutfonic add 
and p-tohjenesulfonlc acid. 

In the present invention, the acid catalyst takes 
ao a masked form with an organic base. By using 
such masked acid catalyst, it is possible to obtain a 
high crosslinking density sufficient to impart the 
resulting coating film with high strength properties 
even when less reactive, low molecular weight res- 
26 ins are used. The masked acid catalyst does not 
affect the storage stability of the coating composi- 
tions containing the same. Also it minimizes 
drawbacks of tree acid catalyst such as decrease 
in the quality of finished coatings when remained 
30 therein. 

Examples of organic acids include an organic 
acid, particularly sulfonic acid having a pKa below 
4 t e g. p^toluenesutfonic acid, dodecyibenzenesuh 
fonlc acid. cUrtortylriac+ttrwleriesulfonic add, 
as methanesulfonic acid and the like. 

The organic acid should be neutralized or 
masked with at least 80% equivalents of an organic 
base. Examples of organic bases used for this 
purpose include secondary or tertiary amines such 
40 as dimethylamine, diethylamine. piperidine, mor- 
pholine. dtethanolamine, methyl ethanolamine. 
triethyiamine. triethanolamirte, diisopropanolamine, 
pyridine, dj-2-ethylhexylamine, N,N-di cyclohe xyl- 
methylamine, N.N-dimethylcyclohexytonine. dHN- 
45 methyl-2^,8.6-tetrarnethyl^peridyl)sebacate and 
the like. Among them, strongly basic amines hav- 
ing a high boiling point (above 150°C) such as 
diisopropanolamine and N.N-dicyclohexyl- 
methylamine are preferable. They give a high 
so grade appearance to the finished coating. 

The organic acid and the masking base may 
be incorporated as a salt therebetween or sepa- 
rately. 
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Coating comnosffjr^ 

The coating composftions used in the present 
invention may contain, in addition to hereinbefore 
described components, other conventional addi- 5 
fives as desired. Examples thereof include viscosity 
adjusting agents such as organic montmoriltonite 
and cellulose acetate butyrate, surface conditioners 
such as silicones and organic polymers, UV ab- 
sorbing agents, hidered amines and hidered 10 
phenols. 

The base coating composition must contain a 
metallic pigment such as aluminum flakes, copper 
flakes and bronze flakes. The base coating com- 
position may additionally contain a conventional is 
color pigment. 

The ratio of the film-forming resin to the cros- 
slinker in the base and top coating compositions 
preferably ranges from 4:8 to 8:2 by weight on dry 
basis. If the amount of crosslinker is too small, the 20 
resulting cured film will have poor strength prop- 
erties. Conversely, excessive amounts of crosslin- 
ker will result in a non-flexible, brittle film. 

The proportion of polymer microgei particles In 
the coating compositions generally ranges from 1 25 
to 40 % by weight of the combined solid contents 
of the film-forming polymer and the crosslinker. 
The desired rheology control function of the micro- 
gel particles cannot be expected when the propor- 
tion thereof is less than the lower limit, while the so 
apperance of multilayer coating will be degraded at 
a proportion greater than the upper limit 

The proportion of the amine-masked organic 
acid catalyst preferably ranges from 0.01 to 3.0 % 
by w^ght of the total solid contents of the respec- as 
tive coating compositions exclusive of pigments. 
Too small proportions are not effective to catalize 
the crosslinking reaction, while too large propor- 
tions will adversely affect the appearance, strength 
and other properties of the resulting film. " 

One of advantages of the coating compositions 
used in the present invention resides in the fact 
that the composition may have a higher nonvolatile 
content compared with conventional compositions. 
For example, conventional base coating composi- 4S 
tions and top coating compositions generally have 
a non-volatile content of 23-30% and 38-40% by 
weight, respectively, whereas corresponding com- 
positions used In the present invention may have a 
nonvolatile content as high as 51-56% and 59-85% so 
by weight, respectively. This enables to lower their 
organic solvent content 

The maximum film thickness at which conven- 
tional coating compositions may be applied by 
spraying without run Pes at about 45 am, whereas 55 
the coating compositions used in the present in- 



vention may be applied fn a film thickness as thick 
as 50-60 am without run. The weatherabtBty of the 
resulting cured film is generally comparable with 
conventional coating compositions. 

in the coating operation according to the 
present invention, the base coating composition is 
first applied on a substrate which has been pre- 
viously given a primer or otherwise surface-treated. 
The material from which the substrate is made is 
not limited to metals used for manufacturing auto- 
mobiles such as iron, aluminum and copper but 
include ceramics, plastics and other materials pro- 
vided that they can withstand an elevated tempera- 
ture at which the multilayer coating of the present 
invention is finally cured. After setting the applied 
base coating composition at room or elevated tem- 
perature, the clear top coating composition is ap- 
plied wet-on-wet followed by setting or preheating. 
The multilayer coating so applied consisting of the 
base and top coating layers is then cured together 
simultaneously at an elevated temperature to give 
a cured coating having a high grade finish. 

The following examples illustrate the invention* 
All parte and percents therein are by weight unless 
otherwise specified. 



EXAMPLES 

Part I. Preparation of Microgels 

Mlsroflel Preparation 1 

(a) Preparation of Emuisifiar 

To a two liter flask having a stirring means, a 
reflux condenser, temperature-control means, a ni- 
trogen gas-introducing tube and a decanter were 
added 134 parts of N,N-bis(hydroxyethyl>taurine, 
130 parts of neopentyl glycol, 236 parts of azeiaic 
acid, 186 parts of phthaKc anhydride, and 27 parts 
of xylene. The mixture was refluxed and water was 
removed as an azeotropic mixture with xylene. The 
temperature was raised to 190-C over 2 hours and 
the reaction was continued with stirring until an 
acid number of 145 was readied. 

The reaction product was cooled to 140 tt C and 
314 parts of CARDURA E-10(giycidyl versatate, 
Shell Chemical Company) was added dropwise 
over 30 minutes at 140° C. The reaction was contin- 
ued for additional two hours with stirring. A polyes- 
ter resin having an acid number of 59, a hydroxy! 
number of 90 and a number average molecular 
weight (Mn ) of 1054 was obtained. 
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(b) Preparation Qf MIcmQfit 

To a one liter flask provided with stirring 
means, coding means and temperaturen^ontrol 
means were added 282 parts of deionized water. 
10 parts of the above-described emulsifier and 0.75 
parts of dietfianolamine at 80° C. The mixture was 
stirred to make a solution. To the solution was 
added a solution of 4.5 parts of azoblscyanovalertc 
acid and 4,3 parts of dlmethyiethanoiamine in 45 
parts of deionized water. Then a monomer mixture 
consisting of 70.7 parts of methyl methacrylate, 
&4.2 parts of n-butyl acrylate, 70.7 parts of styrene, 
30.o parts of 2-hydroxyethyl acrylate and 4.5 parts 
erf ethylene glycol dimethacrylate was added drop- 
wise over 60 minutes. After the addition of mon- 
omers, a solution of 1.5 parts of azobiscyanoveleric 
acid and 1.4 parts of dlmethyiethanoiamine in 15 
parts of detonized water was added. The mixture 
was stirred at 80°C for 60 minutes tq give a 
polymeric emulsion having a nonvolatile content of 
45%, a pH of 7.2, a viscosity of 92 cps (25°C) and 
a particle size of 0.1 56 microns. 

This emulsion was spray dried to obtain micro- 
gel particles having a particle size of 0.8 microns. 



^crooel Prftoaration 2 

The procedure of Microgel Preparation 1 was 
followed except that the monomer mixture con- 
sisted of 189 parts of methyl methacrylate. 54 parts 
of n-butyl acrylate and 27 parts of ethyleneglycoi 
dimethacrylate. Particle size of spray dried micro- 
gal particles was 1.2 urn. 



yicrooei preparation 3 

The procedure of Microgel Preparation 1 was 
followed except that the monomer mixture con- 
sisted of 243 parts of n-butyl acrylate and 27 parts 
of ethyleneglycoi dimethacrylate. Particle size was 
1,0 um. 



Microoel Preparation 4 

Tlie procedure of Microgel Preparation 1 was 
followed to obtain a microgel emulsion except that 
the monomer mixture consisted of 216 parts of 
styrene, 27 parts of n-butyl acrylate and 27 parts of 
ethyleneglycoi dimethacrylate. 
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The resulting emulsion was converted to a 
microgel dispersion in xylene by azeotropic distilla- 
tion. A microgel dispersion having a microgel con- 
tent of 40 % was obtained. Particle size was 0.2 
5 urn. 



MiCgKP?l Preparation 5 

,o To a one liter flask provided with stirring 
means, cooling means and temperature-control 
means were added 232 parts of deionized water, 
10 parts of the polyester resin obtained in Microgel 
Preparation 1 (a) and 0.75 parts of 
75 dimethytethanotamlne with stirring at 80°C to make 
a solution. To the solution was added a solution of 
1.0 part of azoWscyanovateric acid and 0.28 parts 
of dlmethyiethanoiamine In 20 parts of deionized 
water, Then a monomer mixture consisting of 108 
20 parts of methyl methacrylate and 27 parts of 
ethyleneglycoi dimethacrylate was added dropwise 
over 60 minutes. After the addition of monomers, a 
solution of 0.5 parts of arobiscyanovaleric acid and 
0.3 parts of dlmethyiethanoiamine in 25 parts of 
26 detonized water was added. Then a monomer mix- 
ture consisting of 9.5 parts of styrene, 20 parts of 
methyl methacrylate. 14 parts of n-butyi acrylate 
and 6 parts of ethyleneglycoi dimethacrylate was 
added dropwise over 60 minutes. A solution of 1.5 
30 parts of azobiscyanovaieric acid and 1.4 parts of 
dimethylethanolamine in 15 parts of deionized wa- 
ter was added again. The mixture was stirred at 
80°C for 60 minutes to complete the polymeriza- 
tion. A microgel emulsion having a nonvolatile con- 
36 tent of 45%, a pH of 7.2, a viscosity of 105 cps - 
(25°C) and a particle size of 0.2 iirn was obtained. 

The emulsion was converted to a microgel 
dispersion in xylene having a microgel content of 
40% as in Microgel Preparation 4. Particle size in 
40 this dispersion was 0.25 um. 



Microael Preparation £ iMAS methodl 
46 Steo (a\ 

To a flask having a stirring means, a thermom- 
eter and a reflux condenser were added the follow- 
ing stock materials: 

60 



59 
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Aliphatic hydrocarbons (b.p. 140-156°C 
free from aromatic hydrocarbons) 

Methyl methacrylate 

Methacrylic acid 

Az obi s i sobu t y r oni t r i 1 e 

33% solution of graft copolymer 
stabxlxzer (see below) 



20,016 parts 

1-776 
0.036 
0.140 
0.662 



75 



The interior of trie flask was purged with nitro- 
gen gas and the contents thereof were maintained 
at 100-C for 1 hour to produce a seed dispersion. 

Methyl methacrylate 

Glycidyl methacrylate 

Methacrylic acid 

obi s i sobu ty ron i t r i 1 e 

Dimethyl aminoethano 1 

33% solution of graft copolymer 
stabilizer (see below) 

Aliphatic hydrocarbons (b.p. 140- 
156 C) 



To the flask was added a monomer mixture 
having the following composition in portions with 
stirring at 100°C over 6 hours. 



32.459 


parts 


0.331 


M 


0.331 


M 


0.203 


It 


0.070 


It 


6.810 


It 


37.166 


n 



The contents of the flask was kept at 100°C for 
additional 3 hours to convert the monomer mixture 
to insoluble polymer gei particles (18-19% of total 
dispersed phase) and uncross-linked polymer par- 
ticles (19% of total dispersed phase). 

The graft copolymer stabilizer solution used in 
the above procedure was prepared by self-con- 
densing 12-hydroxystearic acid to an acid number 
of 31-34 mg KOH/g (corresponding to a molecular 
weight from 1650-1800), reacting the condensate 
with a stoichiometric amount of glycidyl 



35 methacrylate, and then copolymerizing 3 parts of 
the resulting unsaturated ester with 1 part of a 96:5 
mixture of methyl methacrylate/acrylic acid. 

40 Step (ft) 

The same flask as used in Step (a) was 
charged with 63.853 parts of the dispersion pro- 
duced in Step (a) and the content was heated at 
46 115*0. After purging the interior of the flask with 
nitrogen gas, a monomer mixture having the follow- 
ing composition was added in portions with stirrina 
atHS'CoverS hours. 



so 
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Methyl methacrylate 


3.342 


parts 


Hydroxyethyl aery late 


1.-906 


» 


Methacrylic acid 


0.496 


N 


Butyl aery late 


3.69X 


N 


2-Ethylhexyl acrylate 


3.812 


n 


Styrene 


5.712 


H 


Azobisisobutyronitrile 


0.906 


« 


n-Octylmercaptan 


0.847 


n 


33% solution of graft copolymer 
stabilizer (see above) 


1.495 


ft 



After the completion of the addition, the con- 
tents were maintained at 115*C for additional 2 
hours to allow the mixture to fully react The result- 
ing product was diluted with 13.940 parts of butyl 
acetate to obtain 100 parts of a non-aqueous dis- 
persion having^* total film-forming solid content of 
45% and an insoluble polymer microgel content of 
27.0%. The particle size was 0.08 um. 



Part II. Synthesis of Vehicle Resins 

Monomer Mixture (a) 



20 



25 



30 



Basin Synthasia 1 

A reactor provided with a stirrer, reflux con- 
denser, a thermometer, a nitrogen gas-introducing 
tube and a drip fannel was charged with 220 parts 
of SOLVESSO 100 and heated to 150°C while 
introducing nitrogen gas. -To the reactor was added 
the following monomer mixture (a) over 3 hours at 
a constant rate. 



Ethyl acrylate 


307 


Ethyl methacrylate 


292 


2-Hydroxyethyl methacrylate 


116 


PLACCEL FM-1 1) 


217 


Methacrylic acid 


18 


2 , 4 -Dipheny 1 - 4 -methyl - 1 -pentene 


50 


Azobisisobutyronitrile 


30 


t-Butylperoxy-2-ethylhexanoate 


150 



1) Sold by Daicel Chemical Industries, Ltd. 

A 1:1 adduct of 2-hydraxyethyl methacrylate and *- 
caproiactorte. 



55 



After the addition, the mixture was kept at 
150°C for 30 minutes. Then 10 parts of t- 
butylperoxy-2-ethylhexanoate and 30 parts of SOL- 
VESSO were added dropwise over 1 hour at a 
constant rate. Then tie reaction mixture was kept 
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at 150°C for 3 hours and cooled to obtain Resin 
Solution having a nonvolatile content of 80%, an 
Mn of 1 t 000 and viscosity X 



diluted with 21 parts of xylene to obtain Resin 
Solution B having a nonvolatile content of 80%, an 
Mn of 1,200 and viscosity Z 2. 



Resin Synthesis g 

To a reactor provided with a stirrer, a thermom- 
eter, a water trap and a nitrogen-gas introducing 
tube were added 3.69 parts of trimethylolpropane, 
17.21 parts of neopentylgiycol, 34.39 parts of 
pivaieic acid neopentylgiycol ester, 22.99 parts of 
hexahydrophthaiic anhydride. 21.72 parts of adipic 
acid, 0.02 parts of dibutyftin oxide and 2 parts of 
xylene- The mixture was reacted at 230 D C under 
nitrogen gas current white stirring until an acid 
number of 10.0 mg KOH/g of solid content was 
reached. After cooling, the reaction product was 



76 



20 



The procedure of Resin Synthesis 1 was re* 
peated except that the amount of 5-butylperoxy-2- 
ethylhexanoate was decreased from 150 parts to 
60 parts. Resin Solution C having a nonvolatile 
content of 80%, an A/\n of 1,800 and viscosity 2 
5 was obtained. 



Resin Svrrthesfo A 

The same reactor as used in Resin Synthesis 1 
was charged with 400 parts of xylene and heated 
to 130»C while introducing nitrogen gas. To tire 
reactor was added the following monomer mixture - 
<b) over 3 hours at a constant rate. 



Monomer Mixture (h) 



Ethyl aery late 


307 


parts 


Ethyl methacrylate 


292 


M 


Styrene 


50 


II 


2-Hydroxyethyl methacrylate 


116 


(t 


PLACCEL FM-1 


217 


It 


Methacrylic acid 


18 


M 


t-Butylperoxy-2~ethylhexanoate 


80 


n 



After the addition, the mixture was kept at 
130°C for 30 minutes. Then a mixture of 10 parts 
of t-butylperoxy-2-ethylhexanoate and 10. parts of 
xylene was added dropwise over 1 hour at a con- 
stant rate. The reaction mixture was kept at 130°C 
for 3 hours and cooled to obtain Resin Solutio n D 
having a nonvolatile content of 70%, an M77 of 
4,000 and viscosity 21. 



fiesin Synthesis g 

The procedure of Resin Synthesis 4 was re- 
peated except that 80 parts of t-butylperoxy-2- 
ethylhexanoate were replaced by 30 parts of 
ezobisisobutylronltrile. Resin Solutio n E having a 
nonvolatile content of 70% t an TvVT of 4,500 and 
viscosity 2 3 was obtained. 



Begin Svntheffi q 

The procedure of Resin Synthesis 1 was fol- 
lowed except that monomer mixture (a) was re- 
placed by the following monomer mixture (c). 



10 
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Monomer Mixture (c) 



Styrene 

n-Butyl methacrylate 
Lauryl methacrylate 
2-Hydroxyethyl methacrylate 
Methacrylic acid 

2 , 4 -Dipheny 1 -4 -methyl - 1 -pentene 
Az obi s i sobuty r oni tr i 1 e 
t-Butylperoxy-2-ethylhexanoate 



200 parts 
191 

246 " 
232 " 

31 
100 

20 

60 * 



Resin Solutio n F having a nonvolatile content of 
80%, an Mn of 1.800 and viscosity 2 5 was 
obtained. 



Qesjp Synthesis 7 

The procedure of Resin Synthesis 8 was re- 
peated except that the amount of t-butylperoxy-2- 
ethyttiexanoate was increased from 80 parts to 160 
parts. 

Resin S olution G having a nonvolatile content 
of 80%, an Mn of 1,000 and viscosity S was 
obtained. 



20 



25 



30 



35 



Resin Synthesis 8 

The procedure of Resin Synthesis 4 was re- 
peated except that the amount of t~butylpeiuxy-2- 
ethylhexanoate was increased from 60 parts to 1 00 
parts. 

Resin S olution H having a nonvolatile content 
of 80%, an Mrs of 1.200 and viscosity Y was 
obtained. 



Resin Synthesis 9 

The procedure of Resin Synthesis 4 was re- 
peated except that monomer mixture (b) was re- 
placed by the following monomer mixture <d). 



40 



Monomer Mixture (d) 

Styrene ~ ~ 300 parts 

n-Butyl methacrylate 191 

Lauryl methacrylate 246 

2-Hydroxyethyl methacrylate 232 

Methacrylic acid 31 

t-Burylperoxy-2-ethylhexanoate 100 
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Resin Solution I having a nonvolatile content of 
70%, an Mn of 3,500 and viscosity Y was 
obtained. 



Resin Solution K having a nonvolatile content 
of 70%, an Mn 3,000 and viscosity V was 
obtained. 



Resin Svnthesi? Ifl 

The procedure of Resin Synthesis 9 was re- 
peated except that the amount of t-butyiperoxy-2- 
ethylhexanoate was decreased from 100 parts to 
70 parts. 

Resin Soluti on J having a nonvolatile content of 
70%, an fsAn of 4,500 and viscosity 2 4 was 
obtained. 



Resin Synthesis ^ 

The procedure of Resin Synthesis 4 was re* 
peated except that the amount of t-butyfperoxy-2- 
ethylhexanoate was increased from 80 parts of 90 

n»rt« 



Resin Soluti on L having a nonvolatile content of 
70%, an Mn of 3,800 and viscosity 2 was 
obtained. 



70 



75 



20 



Resin Synthesis 13 

The procedure of Resin Synthesis 9 was re- 
peated except that the amount of t-butylperoxy-2- 
ethylhexanoate was decreased from 100 parts to 
70 parts. 

Resin S olution N having a nonvolatile content 
of 70%, an Mn of 3,800 and viscosity 2 was 
obtained. 



Resin Synthesis 14 

The procedure of Resin Synthesis 9 was re- 
peated except that the amount of t-butylperoxy-2- 
ethylhexanoate was increased from 100 parts to 
120 parts. 

Resin S olution M having a nonvolatile content 
of 70%, an Mn of 3,000 and viscosity W was 
obtained. 



The procedure of Resin Synthesis 4 was re- 30 
peated except that the amount of t-butyiperoxy~2- 
ethylhexanoate was Increased from 80 parts to 120 
parts. 

Coating Composition A 

Resin solution A of Synthesis 1 
NIKAIiAC Mx-45 
Microgel preparation 2 
ALUPASTE 7160 N 
SEESORB 103 
SANOIi L5440 



Part III. Base Coating Compositions 



60 

32 
25 
23 
2 

0.3 



parts 



The above ingredients were weighed to a stain- 
less steel container and thoroughly mixed by a 
laboratory mixer. 



50 



A masked organic acid solution consisting of 
1*5 parts of p-toluene-sulfonic add and 0.5 parts of 
triethylamine in Z25 parts of isopropartol was ad- 
ded to the above composition. 



66 



12 



23 
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Coating Composition B 

Resin solution B of Synthesis B 61-5 parts 

NIKALAC Mx-470 50 
Microgel preparation 3 
Xylene 

ALUPASTE 7160N 23 
SEE SORB 103 

SANOX LS440 0.1 K 

To a mixture of the above ingredients was 
added a masked organic add solution consisting of 
0.8 parts of p-toluenesulfonlc add, 0.5 trtethylamlne 
and 1 part of dicyctobexylmethylamlne In 1.2 parts » 
of isopropanol. 

Coating Composition C 

Resin solution C of Synthesis 3 53.1 parts 

SOLVESSO 100 15 
FASTOGEN Blue NK 8 
CYMEL 1130 

Microgel preparation 5 
ALUPASTE 7160 N 



47.2 
37.5 
9 

SEESORB 103 1 



To the above mixture was added a masked 40 SggfiDfl QOTMSttl?" £ 
organic acid solution consisting of 1.0 part of 
dinonylnaphthalenedisuKonic acid and 1.0 part of 
diisopropanoiamine in 1 .0 part of isopropanoL 



so 



55 



13 
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Resin solution K of Synthesis 12 6 7.9 parts 

NIKALAC MX-470 52.8 " 

Microgel preparation 5 25 " 

Xylene 

ALUPASTE 7160N 
SEESORB 103 
SANOL LS440 



10 
23 
2 

0.1 



a i , . , dlcydohexylmethylamin© in 0.7 parts of 

1 0 rJT^f SSS^ S ° lub ° n 1 COnsi f tin9 01 tsopropanol was added to the above mixtuT 

1.0 part of dodecylben2enesutfonic add and a> 

Coating Composition E 

Resin solution L of Synthesis 11 67 . 9 parts 

NIKALAC MX-470 52 g 

Microgel preparation 5 25 " 

Xylene 1Q 

ALUPASTE 7160N • 23 



SEESORB 103 
SAMOL LS440 



1 

0.1 



1 0 n^ a Ti^SL aCi ' 1 "H? C ° n3iSt,n8 * «> Part °f dicyclohexylmethylamine in 0.7 parts of 
1-0 part of dodecy.heruenesuKonlc acid and 1.0 isopropanol was added to the above mbcire 



Coating Composition F 

Resin solution K of Synthesis 12 

NIKALAC Mx-470 

Xylene 

ALUPASTE 7160N 
SEESORB 103 
SANOL LS440 



67.9 parts 
52.8 ■ 
10 

23 parts 
1 

0.1 



•25 
10 
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1.0 part of dodecylbenzenesulforoc acid and 1.0 isopropanw w» 

Coating Composition G 

Resin solution K of Synthesis 12 67.9 parts 

NIKALAC Mx-470 52,8 
Microgel preparation 5 
Xylene 

ALUPASTE 7160N 23 
SEESORB 103 

SANOL LS440 °' 1 
Acrylic acid 
Coating Composition H 

Resin solution L of Synthesis 11 96.4 parts 

U-VAN 20N-60 37 - 5 

Microgel preparation 5 
Xylene 

ALOPASTE 7160N 23 
SEESORB 103 2 '° 
SANOL LS440 °* 1 



25 
10 



40 



A masked organic acid soiution consisting of famine In 0.7 parte of isopropanoiamine was 

0.8 parts of p-toluenesulfonic acid and 0.5 parts of added to the above mixture. 

Coatin g Composition Q 

Resin solution B of Synthesis 5 107.1 parts 

U-VAN 20N-60 41 * 7 

Xylene 10 
ALUPASTE 7160N 23 
SEESORB 103 1 
SANOL LS440 °* 1 



15 
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Part IV. Clear Top Coating Composition 

Coating Composition J 



Resin solution C of Synthesis 3 
CYMEL 1130 

Microgel preparation 5 
Xylene 

ALUPASTE 7160N 
SEESOBB 103 
SANOL LS440 



53 .1 parts 

47.2 w 



- 37,5 
10 » 
23 
1,5 » 
0,1 • 



o,o parts of p-toluenesuHbnic acid, 0,5 parts of to the above mixture. 

Coating Composition I 

Resin solution P of Synthesis 6 62 . 5 part8 

NIKALAC Mx-45 
Microgel preparation 4 
Xylene 
TINOBIN 900 
SANOL LS440 



50 

7-5 
10 
3 

0.1 



1 n £JT!?!5 ? 9BniC i dd 5O ! 0ti0n consistin 0 °f diisopropanoiamine in 1.5 parts of iaopropanol was 

part of P-to'uenesulfonic acid and 1.5 parts of _ added to the above mixture P ^ 



Coating Composition K 

Resin solution G of Synthesis 7 62 . 5 parts 

U-VAN 120 

Microgel preparation 1 20 " 

SOLVESSO 100 10 ■ 

TINUBIN 900 

4 ■ 

SANOL LS440 

1 " 
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A masked organic add solution consisting of 2 ^^^^J"^ * lS ° t>n *" V * 

parts of pHoluenesuHonic acid and 1 part of was added to the above mixture. 

Coating Composition L 

Resin solution H of Synthesis 8 55.6 parts 

NIKALAC Mx- 4 5 50 

Microgel preparation 5 12.5 " 

5 " 

Xylene 

TINUBIN 900 -3 s 

SANOL LS440 2 

A masked organic acid solution consisting of 2 ^J^^^JjT * lS °<* 0p8n0i "** 

parts of dodecylbenzenesulfonlc add and 0.5 parts *> ded to the above mixture. 

Coating Composition M 

Resin solution P of Synthesis 6 75 parts 

NIKALAC Mx-470 44.4 R 

Microgel preparations 12.5 
Xylene 5 
TINUBIN 900 2 
SANOL LS440 1 

A masked organic add solution consisting of dilsopropanolamine In 3 parts of isopropand was 

1.5 parts of ptoiuenesuKonte add and 1 part of added to the above mixture. 

Coating Composition N 

Resin solution M of Synthesis 14 85.7 parts 

CYMEL 1130 44.4 B 

Microgel preparation 1 3 

Xylene 10 

TINUBIN 900 3 

SANOL LS440 1 

A masked organic add solution consisting of 1 65 triethylamlne in 2 parts of isopropanoi was added 
part of p-toluenesuHonic acid and 0.5 parts of to the above mixture. 
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Coating Composition 0 

Resin solution of Synthesis 13 
CYMEL 1130 

Microgel preparation 1 
Xylene 
TINUBIN 900 
SANOL LS440 



34 



85 
44 
2 
10 

2 
1 



A masked organic acid solution consisting of 
0.5 parts of p-toluenesuffonic acid and 0.3 parts of 



A solution of 1.5 parts of p-toluenesulfonic acid 
in 3 parts of isopropanol was added to the above 
mixture. 

45 



Part V, Multilayer Coating 
EXAMPLES 1 

Base coating composition A was diluted with a 
50:50 mixture of ethyl acetate and SOLVESSO 50 
to a spray viscosity of 15 sec. at 20°C in Ford cup 
No. 4. A Ig sample of this composition was taken 
on an aluminum plate having known weight and 
placed in an air-circulating oven at 105°C for 3 
hours. Volatile content was determined by % 



o7 parts 
.4 



trietfiylamine in 1.5 parts of isopropanol was added 
to the above mixture. 



100 parts 
50 

2 
10 

2 ■ 

1 



100 parts 
30 



weight loss in this test. The balance represents 
nonvolatile (solid) content 

Clear top coating composition I was diluted 
with a 50:50 mixture of ethyl acetate and 
SOLUVESSO 50 to a spray viscosity of 30 sec. at 
20°C in Ford cup No. 4. The nonvolatile content of 
this composition was also determined as above. 

For each run, two degreased tinned sheet iron 
specimens were used. One specimen was placed 
in a horizontal position and the other in a vertical 
position. Then the specimens were coated once 
with a diluted base coat composition to a dry fflm 
thickness of 15 am and allowed to set for 3 min- 
utes at room temperature. Then a diluted clear 
compos! tion was applied once on respective 
specimens wet-on-wet allowed to set for 5 minutes 



20 

Coating Composition P 

Resin solution N of Synthesis 13 

U-VAN 20N-60 

Microgel preparation 1 

Xylene 

TINUBIN 900 

SANOL LS440 
Coating Composition R 

Resin solution J of Synthesis 10 

CYMEL 1130 
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at room temperature end baked at 140'C for 30 
minutes. Vertically positioned specimens were pro- 
vide with a top coat having a gradient dry film 
thickness from 20 to 60 uun and horizontally posi- 
tioned specimens were given a uniform top coat 
having a dry film thickness of 35 urn. 

The orientation of the metallic flake pigments 
and the Qioss of the finished coating were deter- 
mined on the horizontally positioned specimen. 
The run property of the top coating composition 
was determined by the maximum film thickness of 



70 



the top coating at which the composition applied on 
the vertically positioned specimen did not run. 

EXAMPLES 2 THROUGH 10 AND COMPARATIVE 
EXAMPLES 1 THROUGH 4 

The procedure of EXAMPLE 1 was followed 
using the combinations of the base and top coating 
compositions described in the tables below. 



1$ 



20 



40 
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SO 



66 



19 
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1) Examples 4^ and 8 using a masking 
base having a high boifing point gave particularly 
high grade appearance in terms film flatness and 
sharpness. 



60 



55 



2) Melamine resin. Sanwa Chemical Co., 
N.V. >96% 

3) Melamine resin, American Cyanamid Co., 
N.V. 00% 

4) Melamine resin, Mitsui Toetsu Chemicals 
Inc.. N.V. 00% 

5} Petroleum hydrocarbon solvent. Esso 
Chemical Co. 
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6) Aluminum flake pigment Toyo Aluminum 

Co. 

7) Shipro Kasei Co. 

8) Ciba-Geigy AG. 

0) p-Toluenesuffonic add 6 

10) Dinonylnaphthalenesuffonic acid 

11) Dodecylbenzenesuffonic add 

12) Triethylamrne 

13) Dicyciohexylmethylamine 

14) Dltsopropanolamin© u 

15) Visually determined. 

O : Good 

A : Not good 16 

X : Very bad 

16) Maximum film thickness of top coating 
free from run, 

17) Data measured by a digital glossmeter zo 
Model GK-60D, Suga Shikenki K.K.. at 60°. 

18) Data measured by a portable visibility 
glossmeter sold by Nippon Shikisai Kenkyusho. 

19) Data measured by Atlas Yubukon tester 
sold by Toyo Seiki Co., exposure time at whicfr 26 
cracks occurred on the top coating. Exposure cy- 
cling condition: Bedewing at 50°C for 4 hrs. then 
irradiating with UV at 70*C for 8 hrs. 

20) Determined by the increase in viscosity 
measured by Stormer viscometer after placing in so 
an incubator at 50*C for 1 0 days. 

O : Viscosity increase <10 Ku 

A : Viscosity increase 10 ku -20 ku 35 

X : Viscosity increase >20 ku 

21) Phthalocyanine pigment, Dainippon Ink 
And Chemicals, Inc. 

40 

Claims 

1. In a method of forming a multilayer metallic 
coating on a substrate comprising the steps of 45 
applying a base coating composition comprising a 
first film-forming polymer having a plurality of cros- 
slinkable functional groups, a crosslinks reactive 
with said first film-forming polymer, a volatile or- 
ganic liquid diluent and a metallic pigment on said 50 
substrate,, applying on the base coating wet-on-wet 
a clear top coating composition comprising a sec- 
ond film-forming acrylic polymer having a plurality 
of crosslinkable functional groups, a crossiinker re- 
active with said second film-forming polymer and a 55 
volatile organic liquid diluent, and curing both coat- 




ings simultaneously, the improvement wherein said 
first and second film-forming polymers have a rela- 
tively low molecular weight; and wherein said base 
•coating composition and said top coating composi- 
tion each contains an amount of . internally crosslfn- 
ked polymer microparticles which are insoluble in 
the mixture of said film-forming polymer, said cros- 
siinker and said organic liquid diluent but stably 
dispersible in said mixture, and a cataJyticaily ef- 
fective amount of an organic acid catalyst masked 
with an organic base* 

2. The method according to Claim 1, wherein 
said first film-forming polymer Is a polyester resin 
having a number average molecular weight from 
1,000 to 4,000. 

3. The method according to Claim 1, wherein 
said first film-forming polymer is an acrylic resin 
having a number average molecular weight from 
1,000 to 4,000, a hydroxy! number from 60 to 200 
and an add number from 5 to 30. 

4. The method according to Claim 1, wherein 
said second film-forming acrylic polymer has a 
number average molecular weight from 1,000 to 
4,000, a hydroxyl number from 60 to 200 and an 
add number from 5 to 30. 

5. The method according to Claim 1, wherein 
said crossiinker is an aminoplast resin. 

6. The method according to Claim 1, wherein 
said polymer microparticles have an average par- 
tide size from 0.01 to 10 urn. 

7. The method according to Claim 1, wherein * 
said catalyst is a combination of an organic sulfonic 
add having a pKa below 4,0 and an amount of 
organic secondary or tertiary amine sufficient to 
neutralize at least 60% of sad sulfonic add. 

8. The method according to Claim 8, wherein 
said amine has a boiling point above 150°C. 

8* The method according to Claim 1, wherein 
the ratio of said first film-forming polymer to said 
crossiinker ranges between 4:6 and 82 on weight 
basis. 

10. The method according to Claim 1, wherein 
the ratio of said second flim-fomning polymer to 
said crossiinker ranges between 4:6 and 8:2 on 
weight basis. 

11. The method according to Claim 1 t wherein 
the proportion of said polymer microparticles in 
respective coating compositions is 1 to 40 % by 
weight of the combined solid contents of said film- 
forming polymer and said crossiinker. 

12. The method according to Claim 1, wherein 
the proportion of said masked organic add catalyst 
in respective coating compositions is 0.01 to 3.0 % 
by weight of the combined sdid contents of said 
film-forming polymer, said crossiinker and said 
polymer microparticles. 
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